A simple mathematical model of the metal organic chemical vapour deposition (MOCVD) process is presented. This model consists of two coupled reaction schemes. The first is based on the basic equation for a plug flow reactor with homogeneous reactions. It is suggested that the decomposition of the metal organic precursor (in this case, aluminium-tri-sec-butoxide, ATSB) is irreversible and will form an intermediate I, which becomes the reactant of the irreversible reaction producing oxide (alumina). The second reaction scheme for the heterogeneous reaction deals with the equation for mass transfer with and without a homogeneous reaction. This part of the model is also known as the 'film model'. Using the mathematical model, some consequences of changing process parameters and material properties are discussed in relation to the deposition rate of alumina. It is found that the temperature, the gas flow and the position in the reaction tube are important parameters of the model. Also material properties, such as the activation energies and pre-exponential factors of the homogeneous and heterogeneous reactions, will effect the deposition rate. Notwithstanding the simplicity of this model, it explains the behaviour and probably predicts the effect of changing parameters on the deposition rate of thin alumina films.
In a metal organic chemical vapour deposition (MOCVD) process, gas phase metal organic molecules are decomposed to materials such as oxides, nitrides and metals /l-ll/. Ceramic films, especially oxides (T1O2, Si02, Cr203, and AI2O3), made in this way, can protect metallic substrates against aggressive gas components /12/.
Metal alkoxides, which can be considered to be derivatives of alcohols in which the hydrogen atom of the alcohol group is replaced by the metal, have excellent physical and chemical properties for the formation of thin alumina layers /13.14/.
The formation of alumina depends among others on the vapour pressure and the decomposition mechanism, which are both related to the molecular structure of the alkoxide. The major parameter to predict vapour pressure is the shielding of the metal from the oxygen of another molecule by the alkyl groups. Generally, the larger the alkyl group, the higher the vapour pressure of the alkoxide. Vapour pressures of the aluminum alkoxides of interest are given by Wilhoit /15/. The results can be given by the formula:
where Ρ is the vapour pressure in mm Hg, a and b are constants, and Τ is the temperature in Kelvin. Vapour pressures of other metal alkoxides based on Zr, Nb, Ti, Si, Β and Sb are presented by Sladek /16/. Bradley /13.14/ reported that the volatility of metal alkoxides depends on 1) the nature of the alkoxy group, 2) the nature of the metal atom, and 3) the nature of the metal-oxygen-carbon bond.
The decomposition /12,16-21/ of the compounds is globally suggested to take place by two different mechanisms: a free radical mechanism and an alpha-or betaelimination. A detailed description of the mechanism is, however, still a point of discussion.
In our model, the CVD reactor of the experimental set-up is considered to be a tubular flow reactor 1221. In the CVD processes, the growth of thin layers may be regarded as a result of a number of consecutive steps. The first step is the transport of reactant materials into the growth region of the reactor regardless whether or not a homogeneous gas phase reaction will take place. The second step deals with mass transfer through a stagnant diffusion boundary layer from the bulk of the gas phase to the surface, followed by several steps on the surface such as adsoprtion, surface diffusion and site incorporation.
MODELLING OF THE MOCVD PROCESS

A. Introduction
The first step of the CVD process is the transport of reactant materials into the reactor in which only homogeneous reactions are assumed to take place. Axial and radial diffusion, and radial and axial temperature gradients are not considered in this model. In section 2C, equations for heterogeneous reactions (without homogeneous reactions) based on the film model are presented. This model is based on the following two assumptions: 1) the existence of a stagnant film δ near the interface and a well-mixed bulk behind it in which no concentration gradients occur, and 2) the mass transfer process is a stationary process.
Equations for simultaneous heterogeneous and homogeneous reactions also based on the film model are presented in section 2D. Section 2E deals with a simplified model for the MOCVD process.
B. Basic Equations for Homogeneous Reactions in the Bulk Phase
The ATSB (aluminium-tri-sec-butoxide) molecules are suggested to decompose to an intermediate I. This reaction is assumed to be irreversible and first order in the reactant concentration. The intermediate is the reactant in the following irreversible (homogeneous) reaction producing alumina. Schematically:
In the steady state and considering that the rate of accumulation is zero and the pressure drop due to the flow of reaction is negligible, the material balance of the reactant A (ATSB) over a reactor length dr may be written as: The simultaneous differential equations are: 
2)
Two extreme situations can be observed: k r /kg » 1: The growth rate is determined by the gas phase mass transfer coefficient, also called diffusion limited growth, and k r /k g « 1: The growth rate is determined by the surface reaction rate, also called reaction limited growth.
D. An Equation for Simultaneous Heterogeneous and Homogeneous Reactions [Film Model]
Here again, steady state conditions are assumed but now a homogeneous chemical reaction is considered to take place in the bulk gas phase as well as in the boundary diffusion layer. In any volume element, the diffe-
rence between the rate of mass transfer into and out of the element is just balanced by the rate of reaction within the element. The material balance on the intermediate [I] r over dx in the stagnant diffusion boundary layer is expressed as the accumulation = in by diffusion of I through the plane χ (see Fig. 1 ), -out by diffusion of I through the plane χ + dx, and chemical production. In this case, the accumulation is zero and the reaction in the gas phase (homogeneous reaction) is considered to be first order in I. 
If the third boundary condition is also considered, the equation is expressed by:
. 
PRELIMINARY RESULTS AND DISCUSSION
This part of the paper deals with the deposition of thin alumina coatings by the MOCVD process as performed at the University of Twente (The Netherlands). Deposition by MOCVD of alumina films from aluminiumtri-isopropoxide (ATI) was previously studied by R.W.J. Morssinkhof /12/. The activation energy for the forming of alumina was about 30 kJ/mole at lower temperatures which diminished to lower values at higher temperatures, especially above 420 °C. Fig. 9 shows the deposition rate of alumina from ATSB. From this figure, it was calculated that the activation energy for the heterogeneous reaction is about 80 kJ/mole. Also here the deposition rate changes are less pronounced at higher temperatures. If the temperature is further increased, the deposition rate will decrease a little. Based on the model described earlier in section 2, this can be explained by a combination of 1) a homogeneous reaction (A1 2 0 3 -powder formation in the gas phase), which becomes more pronounced at higher temperatures, and 2) a change of the deposition regime from reaction to diffusion limitation.
Despite of the lack of several data, such as the activation energy of the homogeneous reaction and the preexponential factor of both the homogeneous and the heterogeneous reaction, the model can explain the behaviour and predict the effect of changing process parameters and material properties on the deposition rate of alumina.
CONCLUSIONS
The MOCVD process can be described by a simple mathematical model based on equations for a plug flow reactor and on the film model. The effect of changing process parameters and material properties is discussed in relation to the deposition. Despite the simplicity of this quantified model, a better understanding of the effect of changing process parameters and material properties in relation to the growth kinetics of alumina was obtained. 
